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[57] ABSTRACT

A cubic ZnS:Cu,Al phosphor and a cubic ZnS:Au,Al
phosphor is mixed to provide a green emitting phosphor
coposition. This composition emits green light having a
color which is represented by a color point in the CIE
standard chromaticity diagram having x-value and y-
value within the ranges of 0.300<x<0.360 and
0.575 <y <0.635, respectively, when excited by an elec-
tron beam. A color television cathode ray tube uses the
fluorescent composition as a green emitting phosphor
component, and a ZnS:Ag phosphor or a ZnS:Ag,Al
phosphor as a blue emitting phosphor component, and a
Y,0,S:Eu phosphor, a Y703:Eu phosphor or a YVO,_
:Eu phosphor as a red emitting phosphor component.

3 Claims, 1 Drawing Figure
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GREEN EMITTING FLUORESCENT -
COMPOSITION AND COLOR TELEVISION
CATHODE RAY TUBE USING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a green emitting fluorescent
composition and a cathode ray tube for color television
using the same as a green emitting phosphor compo-
nent, and more particularly to a green emitting fluores-

cent composition of a mixture of a copper and alumin-

jum activated zinc sulfide phosphor and a gold and
aluminium activated zinc sulfide phosphor used as a
green emitting phosphor component for the fluorescent
screen of a color television cathode ray tube and also to
a color television cathode ray tube using the same.

2. Description of the Prior Art

The fluorescent screen of a color television cathode
ray tube is comprised of a number of dots or stripes of
green, blue and red emitting phosphor components and
presents various colors of light when excited by an
electron beam. In the conventional color television
cathode ray tubes, there have been used a copper and
aluminium activated zinc cadmium sulfide phosphor
[(Zn,Cd)S:Cu,Al] as a green emitting phosphor compo-
nent, a silver activated zinc sulfide phosphor (ZnS:Ag)
or a silver and aluminium activated zinc sulfide phos-
phor (ZnS:Ag,Al) as a blue emitting phosphor compo-
nent, and a europium activated yttrium oxysulfide phos-
phor (Y20,S:Eu) or a europium activated yttrium oxide
phosphor (Y,03:Eu) or a europium activated yttrium
vanadate phosphor (YVO4:Eu) as a'red emitting phos-
phor component. |

As shown in the above description, cadmium is an
essential element for the fluorescent screen of a color
television cathode ray tube. However, cadmium 1s a
highly noxious metal, and accordingly requires a great
care in handling the same in the process of coating the
fluorescent screen in the cathode ray tube. Further, the
cathode ray tube using cadmium in its fluorescent
screen requires a great care in handling the same when
it is broken or destroyed. In addition, since the allow-
able concentration of cadmium in waste materials is
severly limited by the anti-polution law, a large scaled
equipment is needed to treat the waste materials. Thus,
it is economically very disadvantageous to use cadmium
in the fluorescent screen.

Under the above described circumstances, it has been
known to use a copper and aluminium activated zinc
sulfide phosphor (ZnS:Cu,Al) mainly of cubic structure
instead of the copper and aluminium activated zinc
cadmium sulfide phosphor (Zn,Cd)S:Cu,Al. However,
the copper and aluminium activated zinc sulfide phos-
phor (ZnS:Cu,Al) mainly of cubic structure (hereinafter
referred to simply as “cubic ZnS:Cu,Al phosphor™)
lowers the white light luminance. The luminance of the
color cathode ray tube, namely the brightness, is gener-
ally evaluated by the white light luminance represented
by the luminance of a white point (x=0.281, y=0.311)
in the JEDEC (Joint Election Device Engineering
Councils) standard. In the conventional copper and
aluminium activated zinc cadmium sulfide used as a
green emitting phosphor component in the conven-
tional color television cathode ray tube, the spectrum of
the emitted light can easily be made to be in the long
wavelength side of green by increasing the amount of
cadmium which constitutes the host material of the

10

15

20

25

30

35

45

35

65

2

phosphor. Actually, in the conventional color television
cathode ray tube, the (Zn,Cd)S:Cu,Al phosphor which
emits green light biased to yellow is used, and accord-
ingly it has been possible to increase the share of the
exciting current for the green emitting phosphor com-
ponent which has a high emission efficiency in compari-
son with the red emitting phosphor component. There-
fore, a very high white luminance is obtainable. On the
other hand, in the cubic ZnS:Cu,Al phosphor which
does not contain cadmium, the green light emitted 1s
biased to the short wavelength side and it is very diffi-
cult to shift the color of the emitted light to yellow side
beyond the color point of (x=0.300, y=0.630) in the
CIE standard chromaticity diagram. Therefore, when
this phosphor is used as the green emitting phosphor
component, the share of the exciting current for the red
emitting phosphor component which has a low emission
efficiency in comparison with the green emitting phos-
phor component is inevitably increased in comparison
with the conventional (Zn,Cd)S:Cu,Al phosphor. Con-
sequently, the white luminance is lowered about 10%.

In view of the above described state of the art, it is
desired to provide a green emitting phosphor for a color
television cathode ray tube which does not contain
noxious cadmium like the cubic ZnS:Cu,Al phosphor,
emits light of the wavelength biased to the long wave-
length side more than the cubic ZnS:Cu,Al phosphor,
and results in increase in the white luminance in com-
parison with the case wherein the cubic ZnS:Cu,Al
phosphor is used.

SUMMARY OF THE INVENTION

The object of the present invention is, therefore, to
provide a fluorescent composition which does not con-
tain cadmium and emits green light biased to the long
wavelength side.

Another object of the present invention is to provide
a color television cathode ray tube in which the white
luminance is increased. -

In accordance with the present invention, a gold and
aluminium activated zinc sulfide phosphor mainly of
cubic structure (hereinafter referred to simply as “cubic
ZnS:Au,Al phosphor”) which emits yellow light is
mixed with a cubic ZnS:Cu,Al phosphor to shift the
spectrum of emission of the latter phosphor to the long
wavelength side, namely to yellow side, whereby the
share of the exciting current for the red emitting phos-
phor component which has a low emission efficiency in
comparison with the green emitting phosphor compo-
nent is lowered in the color television cathode ray tube
using said mixture of the phosphors as the green emit-

" ting phosphor component and the white luminance of

the cathode ray tube is increased.

In other words, the green emitting fluorescent com-
position for a cathode ray tube for color television in
accordance with the present invention is a mixture of
phosphors of a cubic ZnS:Cu,Al phosphor and a cubic
ZnS:Au,Al phosphor and is characterized in that the
x-value and y-value in the CIE standard chromaticity
diagram of the color emitted when excited by an elec-
tron beam are within the ranges of 0.300< X <0.360
and 0.575 <y <0.635, respectively.

The color television cathode ray tube in accordance
with the present invention is characterized in that the
fluorescent screen thereof uses the above described
mixture of phosphors as a green emitting phosphor
comg)onent, a ZnS:Ag phosphor activated by 1077 to
103 g of Ag per one gram of the host material ZnS or
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a. ZnS:Ag,Al phosphor activated by 1077 to 10—3 g of

Ag and Al, respectively, per one gram of the host mate-
rial ZnS as a blue emitting phosphor component, and.a
Y>0,S:Eu phosphor, a Y,0;3: Eu phosphor or. a YVO,.
:Eu phosphor activated by 10-2to 1.5x 107! g of Eu
per one gram of the host material Y,0,S, Y203 and
YVO,, respectively, as a red emitting phosphor. compo-

nent.

BRIEF DESCRIPTION OF THE DRAWING |

A single FIGURE is a graphical representation
showing the color points of the conventionally known
cubic ZnS:Cu,Al phosphor used as a green emitting
phosphor component in the conventional color televi-
* sion cathode ray tube, the green emitting phosphor, the
blue emitting phosphor and the red emitting phosphor
used in the color television cathode ray tube in accor-
dance with the present invention in the CIE standard

chromaticity diagram.

" DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The cubic ZnS:Cu,Al phosphor constituting the
mixed green emitting phosphor of the present invention
is prepared by adding a proper amount of copper com-
pounds an as activator Cu such as cupper sulfate (Cu-
S04.5H,0) and copper nitrate [Cu(NO3),.6H,0] and a
proper amount of aluminium compounds as an activator
Al such as aluminium sulfate [Al,(8O4);.18H,0] and
aluminium nitrate [ANO;3;)3;.9H,0] to a reagent zinc
sulfide, and normally adding further thereto a proper
amount of flux such as alkaline metal halide and alkaline
earth metal halide, and then firing the mixture at a tem-
perature of 750° C. to 1030° C. in a reducing atmosphere
which is generally used in manufacturing sulfide phos-
phors such as a hydrogen sulfide atmosphere or a sulfid-
ing atmosphere containing carbon disulfide. From the
viewpoint of luminance and emitted color, the prefera-
ble amounts of the actwators Cu and Al are 10—3 g to
3x 10—4 g and 5X10—-%g to 3 X 10— g per one gram of
the host material ZnS, respectively. The x-value and
y-value of the color point in the CIE standard chroma-
ticity diagram of the light emitted by the cubic ZnS:Cu-
,Al phosphor prepared as described above and.contain-
ing the activators of the amount within the above de-
scribed preferable range are 0.280<x<0.300 and
0.620 <y <0.640.

On the other hand, the yellow emitting cubic
ZnS:Au,Al phosphor which is another component con-
stituting the mixed green emitting phosphor of the pres-
ent invention is prepared by adding a proper amount of
gold compounds as an activator Au such as gold chlo-
ride acid (HAuCl4.2H,0) and a proper amount of alu-
minium compounds as an activator Al such as alumin-
ium sulfate [A1,(SO4);.18H,0] and aluminium nitrate
[AI(NO;);.9H,0] to a reagent zinc sulfide, and nor-
mally adding further thereto a proper amount of flux
such as alkaline metal halide and alkaline earth metal
halide, and then ﬁring the mixture at a temperature of
950° C. to 1030° C. in a reducing atmosphere which is
generally used in manufacturing sulfide phosphors such
as a hydrogen sulfide atmosphere or a sulfiding atmo-
sphere containing carbon disulfide. From the viewpoint
of luminance and emitted color, the preferable amounts

of the activators Au and Al are 5X 10~%gto 10—2gand

5% 10— g to 10— 2 g per one gram of the host material
ZnS, respectwely The x-value and y-value of the color
point in the CIE standard chromaticity diagram of the
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4
light emitted by the cubic ZnS:Au,Al phosphor pre-
pared as described above and containing the activators
of the amount within the above described preferable
range are 0.385 <x<0 405, and 0. 550<y<0 570.

The green emitting ﬂuorcscent composition of the
present invention which has been referred to as a mixed
green emitting phosphor is prepared by mixing the
above described cubic ZnS:Cu,Al phosphor and the
above described cublc ZnS:Au,Al phosphor so that the
x-value and y-value of the color point of the light emit-
ted thereby when excited with an electron beam may be
within the ranges of 0.300<x<0.360 and
0.575< y<0 635. When mtxmg the two phos;:hors, both
the phosphors are preferred to contain the activators of
the amount within the above described preferable
ranges. When the x-value or y-value of the color pomt
of the light emitted by the above fluorescent compom-
tion is lower than the above described range, the emit-
ted color is shified to the short wavelength side, and
accordingly the color television cathode ray tube using
this composition as the green emitting phosphor compo-
nent does not give a sufficiently high white luminance.
On the other hand, when the x-value or y-value of the
color point of the light emitted is higher than the above
described range, the emitted color is shifted to the long
wavelength side and becomes yellowish, and accord-
ingly the purity of green is degraded and the area of the
color reproduction region becomes markedly narrow
though the color television cathode ray tube using this
composmon as the green emitting phosphor component-
gives a greatly enhanced. white luminance. ;

The green emitting ﬂuorescent composmon in accor-
dance with the present invention is characterized in that
no cadmium is contained and the color point of the light
emitted by the cubic ZnS:Cu,Al is properly shifted to
the long wavelength snde In the CIE standard chroma-
ticity diagram in the accompanying drawmg, the color
point G1 shows an example of the color of the light
emitted by the cubic ZnS:Cu,Al phosphor, and the
color points G2 to G5 show examples of the color of the
light emitted by the green emitting fluorescent composi-
tion in accordance with the present invention. As
shown by these color points, it is clear that the color of
the light emitted by the fluorescent composmon of this
invention is biased to the long wavelength side in com-

parison with the color. of.the light emitted by the cubic

ZnS:Cu,Al phOSphOl‘ Since the fluorescent composi-
tion of this invention emits color biased to the long

wavelength side, the color television cathode ray tube
using this composntion as a green emitting phosphor
component gives an enhanced white luminance in com-

‘parison with the. conventlonal color television cathode
ray tube using the cubic ZnS Cu,Al phosphor as the

green emitting phosphor component ,_
'Now the color television cathode ray tube in accor-

detail. . f -

“As the green emlttmg phOSphOI' component used in
the fluorescent screen of the color television cathode
ray tube of this invention, the above described green

emitting ﬂuorescent composition is used As the blue

-and -red. emitting phosphor components are used the
:_Lconventlona] phosphors. For instance, as the blue emit-
ting phosphor may be used a ZnS:Ag phosphor or a

ZnS:Ag,Al phosphor, and as the red emitting phosphor
may be used a Y,0,S:Eu phosphor, a Y,0;:Eu phos-

‘phor or a YVO4:Eu phosphor. The amount of Ag con-

tained in.the ZnS:Ag phosphor. per one gram of the host




material Zn$ is within the range of 10—3to 10— g and
more preferably 5X 10—5 to 3 10—4 g. The amount of
Ag and Al contained in the ZnS:Ag,Al phosphor per
one gram of the host material ZnS within the range of
10-° to 10~3 g respectively and more preferably
5% 10— to 3X 10—4g. In the drawing, the color points
Bl (x=0.148, y=0.058) and B2 (x=0.155, y=0.040) are
indicative of the colors emitted by the ZnS:Ag phos-
phor activated by 2X 10—4 g of Ag and the ZnS:Ag,Al
phosphor activated by 2X 10—4g of Ag and Al, respec-
tively per one gram of the host material ZnS. The
amount of Eu contained in the above described red
emitting phosphors per one gram of the host material is
within the range of 10—2to 1.5 10~ ! g and more pref-
erably 5 10—2to 6 X 10—2 g for Y,0,S:Eu phosphors,
and 7X10~2 to 8X 10—2 g for YVO4:Eu phosphor. In

the drawing, the color points R1 (x=0.652, y=0.346),

R2 (x=0.642, y=0.352) and R3 (x=0.668, y=0.328) are
indicative of the colors emitted by the Y,0,S:Eu phos-
phor activated by 5X 10—2 g of Eu, the Y,03:Eu phos-
phor activated by 5X 10—2 g of Eu, and the YVOg4Eu
phosphor activated by 7X 102 g of Eu, respectively
per one gram of the host material. The above three
color emitting phosphor components are applied on the
face plate of the cathode ray tube in dots or stripes to
form a fluorescent screen thereon by a photoprinting
method which is generally adopted to form a fluores-
cent screen in the conventional color television cathode
ray tube. |
- The fluorescent screen of the color television cathode
ray tube in accordance with the present invention as
described in detail hereinabove does not contain cad-
mium and emits green light which is desirably shifted to
~ the long wavelength side in comparison with the con-
ventional color television cathode ray tube using the
cubic ZnS:Cu,Al phosphor as the green emitting phos-
phor component, and gives a higher white luminance
than the conventional tube as shown in the examples
which will be described hereinafter. Further, in the
color television cathode ray tube of this invention, the
color of the light emitted by the green emitting fluores-
cent composition used therein can easily be selected
over a wide range by varying the mixing ratio of the
cubic ZnS:Cu,Al phosphor to the cubic ZnS:Au,Al
phosphor. Therefore, it is easy to obtain a color televi-
sion cathode ray tube having a desired color of green
emission and a desired area of color reproducing region.
Now the present invention will be described in detail
with reference to several examples thereof.

EXAMPLES

A cubic ZnS:Cu,Al phosphor containing 1.3 10—4g
of Cu and 10—*4 g of Al per one gram of ZnS as activa-
tors was prepared. The color point of the emitted light
of this phosphor was (x=0.293, y=0.631). A cubic
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kinds of the green emitting fluorescent compositions
(Sample No. 2 to No. 5) are shown in Table I below.
The color points thereof are also shown in the accompa-
nying drawing. In Table I, the white luminance is repre-
sented by relative values in which the white luminance
of the cubic ZnS:Cu,Al phosphor (Sample No. 1) is set
to be 100%. |

‘TABLE 1
Mixing Weight Ratio White
| [(ZnS:Cu,Al phosphor): Luminance

No. (ZnS:Au,Al phosphor)] Color Point (%)

1 ZnS:Cu,Al x =029 (G)) 100
phosphor only y = 0.631

2 9:1 x =0305 (G2) 98
y = 0.625

3 7:3 x = 0333 (G3) 96
-y = 0.60]

4 13:12 x = 0.352 (G4) 92
y = 0.588

5 2:3 x = 0358 (GS5) 90

*Excited by 20KV, luA/cm? electron beam

As shown in the drawing and Table I, the white lumi-
nance of the green emitting fluorescent compositions
(Sample No. 2 to No. 5) is lower than that of the cubic
ZnS:Cu,Al phosphor, but the emitted color of the com-
positions is biased to the long wavelength side in com-
parison with the conventional phosphor.

Then, twenty-five samples consisting of five samples
for each of five kinds of 20 inch color television cathode
ray tubes using said five kinds of fluorescent composi-

~ tions and phosphor as shown in Table I, respectively,
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ZnS:Au,Al phosphor containing 1.4X10~3g of Auand

5% 103 g of Al as activators was prepared. The color
point of the emitted light of this phosphor was
(x=0.395, y=0.560). The luminance of the phosphor
when excited by an electron beam of 20KV and
1uA/cm? was 86% of that of said cubic ZnS:Cu,Al
phosphor.

The above cubic ZnS:Cu,Al phosphor and cubic
ZnS:Au,Al phosphor were mixed in the mixing ratios of
9:1, 7:3, 13:12 and 2:3 by weight to make four kinds of

green emitting fluorescent compositions of this inven-

tion. The color point and the white luminance of the
cubic ZnS:Cu,Al phosphor (Sample No. 1) and the four

65

were prepared. In these samples, as the blue and red
emitting phosphor components, a ZnS:Ag phosphor
containing 2X 10— g of Ag and a Y,0,S:Eu phosphor
containing 5X10—2 g of Eu per one gram of the host
material were used, respectively, and the three kinds of
phosphor components were applied on the face plate of
a cathode ray tube in dots. The mean value of the cath-
ode current of the color television cathode ray tubes for
each of the five kinds of tubes was measured. The mea-
sured mean values are shown in Table II below.

Table II. shows the mean values of the cathode cur-
rent for the five kinds of samples of the color television
cathode ray tubes which was required to obtain a prede-
termined white luminance (170 radlux). In Table II,
RIk, GIk and Blk show the cathode current required to
excite the red, green and blue emitting phosphor com-
ponents respectively in order to obtain the predeter-
mined white luminance. 21k shows the total cathode
current of these three cathode currents. The smaller are
the respective Ik values, the higher is the relative lumi-
nance of the respective color of the tube, and the

smaller is the 21k value, the higher is the relative white
luminance.

TABLE II |
Sample Group No. RIk Glk Blk 21k
1 48.9 39.0 28.4 116.3
2 | 45.0 39.5 27.5 112.0
3 39.5 41.9 27.9 109.3
4 36.4 44.2 28.5 109.1
S 329 46.0 30.0 108.9
*predetermined white luminance . . . 170 radlux

*cathode current . . . mean value of cathode currents for five samples in each sample
group

As shown in Table II, the higher is the mixing weight
ratio of the cubic ZnS:Au,Al phosphor to the cubic
ZnS:Cu,Al phosphor, the higher is GIk namely the
lower s the green luminance. However, as the mixing



7

weight ratio increases, the valué_RIk IS markedly.low-_-

ered. In samples 2, 3, 4 and 5, RIk was lowered by 8%,
19%, 26% and 33%, respectively. Accordmgly, 21k
was lowered and the relative white luminance was m-f

creased by 3.8%, 6.4%, 6.6% and 6.8%, respectwely

In the above described examples, a ZnS:Ag phosphor_

was used as the blue emitting phosphor component, and
a Y»,0,S:Eu phosphor was used as the red emitting
phosphor component. It was, however, confirmed that
the similar results were obtained when a ZnS:Ag Al
phosphor was used instead of the ZnS:Ag phosphor and

a Y,03:Eu phosphor or a YVO4:Eu phosphor was used

instead of the Y,0,S:Eu phosphor.

We claim;: | |
1. A green emitting fluorescent composition for a

color television cathode ray tube comprising a copper
and aluminum activated zinc sulfide phosphor mainly of
cubic structure, the zinc sulfide being activated by
10-5 g to 3%x10—4 g of copper and 5X10~% g to

4 d ¥ )
"
" ..-I - Il. .
' .
1
'
8 |
[ . e

13X 10-3 g of aluminum respectwely per one gram of

* the zinc sulfide, and a gold and aluminum activated zinc

sulfide phosphor mainly oOf cubic structure, the zinc

* sulfide being activated by 5 10~4g to 10—2 g of gold

‘and 5X10~3 g to.10~? g of aluminum respectively per

* -one gram of the zinc sulfide, wherein the x-value and
~ y-value in the CIE standard chromaticity diagram of

10

the color emitted by said copper and aluminum acti-

vated zinc sulfide phosphor when excited by an elec-
tron beam are within the ranges of 0.280 < x<0.300 and

10.620<y <0.640, respectively, the x-value and y-value

15

3% 103 g of aluminum respectively per one gram of 20

the zinc sulfide, and a gold and aluminum activated zinc
sulfide phosphor mainly of cubic structure, the zinc
sulfide being activated by 5X10—% g to 10—2 g of gold
and 5% 10—5 g to 10—2 g of aluminum respectively per

one gram of the zinc sulfide, wherein the x-value and 25

y-value in the CIE standard chromaticity diagram of
the color emitted by said copper and aluminum acti-
vated zinc sulfide phosphor when excited by an elec-
tron beam are within the ranges of 0.280 <x<0.300 and
0.620 < y <0.640, respectively, the x-value and y-value
in the CIE standard chromaticity diagram of the color
emitted by said gold and aluminum activated zinc sul-
fide phosphor when excited by an electron beam are
within - the ranges of 0.385<x<0.405 and
0. 550<y<0 570, respectively, and the x-value and y-
value in the CIE standard chromaticity diagram of the
color emitted by said composition when excited by an
~electron beam are within the ranges of 0.300 < x <0.360

and 0.575 <y <0.635, respectively.
2. A cathode ray tube for color televnsnon provided

with a fluorescent screen comprising a green emitting
phosphor, a blue emitting phosphor and a red emitting -
phosphor, said green emitting phosphor being green
emitting fluorescent composmon comprising a copper

30

35
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in the CIE standard chromaticity diagram of the color
emitted by said gold ‘and aluminum activated zinc sul-
fide when excited by. an electron beam are within the

ranges of 0.385 < x <0.405 and 0.550 < y <0.570, respec-

tively, and the x-value and y-value in the CIE standard
chromaticity diagram of the color emitted by said com-
position when excited by an electron beam are within
the ranges of 0.300<x<0.360 and 0.575<y<0.635
respectively, said blue emitting phosphor bemg a silver
activated or silver and aluminum activated zinc sulfide
phOSphOl‘ in‘'which zinc sulfide is activated by 10—5 g to

10—3 g of silver or silver and aluminum respectively per

one gram of the zinc sulfide, said red emitting phosphor
being a europium activated yttrium oxysulfide phos-
phor, a europium activated yttrium oxide phosphor or a
europium activated yttrium vanadate phosphor each

activated by 10—2 g to 1.5X 10~ !g of europium per one

gram of the yttrium oxysulfide, yttrium oxide or yttrium

vanadate, respectively.
3. A cathode ray tube for color television as defined

in claim 3 wherein said silver activated zinc sulfide
phosphor is activated by 5X10~5 g to 3X10—4 g of

silver per one gram of the zinc sulfide, said silver and
aluminium activated zinc sulfide phosphor is activated

by 5X10—° gto 3X10~4 g of silver and aluminium per
one gram of the zinc sulfide respectively, said europium
activated . yttrium oxysulﬁde phOSphor 1s activated by
5X10~2 g to 6X 102 g europium per one gram of the
-yttrium osysulﬁde, said europium activated yttrium

- oxide phosphor is activated by 5X10-2g to 6x10—2g

and aluminum activated zinc sulfide phosphor mainly of 45

cubic structure, the zinc sulfide being activated by
10"5 g to 3)(10 —4 g of copper : and 5><10 —6 ¢ to

50
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of eumplum per one gram of the yttrium oxide, and said
© ‘europium activated yt

trium vanadate phosphor IS acti-
vated by 7X 102 g to 8 X102 g of eumplum per one

gram of the yttrium vanadate.
$ % ¥ % %
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